Introduction {#sec0001}
============

Coronavirus disease 2019 (COVID-19), first recognized in December 2019 [@bib0001], rapidly spread to over 200 countries and territories. The causative agent was soon identified as a new strain of coronavirus, named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on February 11, 2020. According to the early transmission dynamics, the mean incubation period was 5.2 days (95% confidence interval \[CI\], 4.1 to 7.0), with a 95th percentile of the distribution at 12.5 days [@bib0002]. Common symptoms are fever, fatigue, myalgia, dry cough, shortness of breath and diarrhea [@bib0003]. Laboratory examination usually shows lymphopenia, elevated C-reactive protein and serum ferritin level, prolonged prothrombin time, and elevated lactate dehydrogenase (LDH) [@bib0003]. Typical chest computed tomographic (CT) findings include bilateral ground-glass opacity and multifocal patchy consolidation [@bib0004]. Advanced age (\>60), male sex, and underlying comorbidities (high blood pressure, diabetes, coronary heart disease, etc.) are risk factors for severe disease and death from SARS-Cov-2 infection \[[@bib0005], [@bib0006]\].

IgG4-related disease (IgG4-RD), first identified in 2003, is an immune-mediated multi-organ, chronic and progressive disease characterized by elevated serum IgG4 levels, tumefactive lesions, and characteristic histopathological findings [@bib0007]. It occurs most frequently in middle-aged and elderly men. Lesions and persistent inflammation often lead to fibrosis and can cause irreversible damage to surrounding tissues, resulting in IgG4-related autoimmune pancreatitis, sclerosing cholangitis, retroperitoneal fibrosis, kidney disease, and other serious visceral injury and dysfunctions \[[@bib0007], [@bib0008]\]. Glucocorticoids are the first-line agent for all patients with active, untreated IgG4-RD unless contraindications to such treatment are present, and the combination of glucocorticoids and a steroid-sparing immunosuppressive agent is needed for some patients [@bib0008]. Rituximab may be considered for failure of conventional therapy, recurrence during steroid reduction, steroid resistance or intolerance, rituximab may be considered \[[@bib0009], [@bib0010]\]. Long-term use of these medications may increase the risk of infection [@bib0011].

As one of the major centers of IgG4-RD in China, we have built a follow-up system that includes over 200 IgG4-RD patients across the country during the past ten years. Since IgG4-RD patients may be susceptible to infections due to the immune-related disease itself and the medications they take, we conducted a study to investigate COVID-19 infection rate in Hubei IgG4-RD patients during the recent outbreak in Hubei province, and to characterize the clinical manifestation of COVID-19 in IgG4-RD patients.

Methods {#sec0002}
=======

Study design and patients enrolled {#sec0003}
----------------------------------

The study protocol was approved by the institutional review board (IRB) of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. All the IgG4-RD patients were diagnosed according to 2011 comprehensive diagnostic criteria for IgG4-RD [@bib0012] and the consensus statement on IgG4-RD pathology [@bib0013] or the New Classification Criteria for IgG4-RD released by the American College of Rheumatology (ACR) and the European League Against Rheumatism (EULAR) [@bib0014]. We excluded patients who were not living in Hubei during the outbreak or lost follow-up from our IgG4-RD follow-up system, and a total of ninety-one patients with IgG4-RD who live in Hubei, China were identified and responded to our survey. Among them, two cases of COVID-19 infection were confirmed according to the Guidance for Corona Virus Disease 2019 (6th edition) released by the National Health Commission of China (<http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2/files/b218cfeb1bc54639af227f922bf6b817.pdf>).

Data collection {#sec0004}
---------------

Medical history, clinical symptoms, laboratory tests, CT imaging, and treatment were obtained through a standardized data collection form, and then independently reviewed by two investigators. In our follow-up system, all the patients with active IgG4-RD or other special situation such as infection were followed up at an one month interval. Patients who were at stable remission condition were followed up every three months.

Statistical analysis {#sec0005}
--------------------

Data were analyzed using IBM SPSS, version 21 (SPSS Inc, Chicago, IL) and GraphPad Prism version 7.00 (GraphPad Software, La Jolla). All statistical data were expressed as mean ±SEM.

Results {#sec0006}
=======

Basic information of patients with IgG4-RD in Hubei, China {#sec0007}
----------------------------------------------------------

A total of 91 patients(mean age 56±1.321 years; 73.63% male) diagnosed with IgG4-RD in Hubei province were enrolled in the study(Suppl [Table 1](#tbl0001){ref-type="table"} ), majority of whom had at least one chronic medical condition. Three patients had fever between January 1st and March 31st, 2020, and two were eventually diagnosed as COVID-19 infection. None of the patients\' family members were infected with COVID-19. Compared with the first visit, the IgG4-RD RI score measured on the last on-site follow-up in 2019 decreased dramatically. Most of patients were in stable condition for the latest three months, while three had a flare of IgG4-RD and one patient was hospitalized because of sepsis. During the outbreak, 45 patients (49.45%) are stilling taking low-dose oral glucocorticoids, with an average dose of 6.278±0.582 mg/d and a maximum of 25 mg/d, while 22 patients (24.2%) are taking immunosuppressive agent, such as cyclosporine, tacrolimus, mycophenolate, and methotrexate. 34 patients (37.4%) are not taking any medication for IgG4-RD.Table 1Characteristics of two IgG4-RD patients with COVID-19.Table 1Basic informationPatient 1Patient 2The last follow-upPatient 1Patient 2Age (y)5845IgG4 (g/L)11.44.19GenderMaleMaleT-IgE (\<100)477.914.65History of IgG4-RD (y)21.5CD3+CD19-(955-2860)985966IgG4-RD RI (the first follow up)1815CD3+CD8+(320-1250)209271IgG4-RD RI (the last follow up)16CD3+CD4+ (550-1440)744634Biological agentsNoNoCD3-CD19+ (90-560)127149Prednisone (mg/d)55NK (150-1100)14731423SymptomsComorbiditiesFeverYesYesHypertensionNoNoCoughYesYesCardiovascular diseaseNoNoFatigueYesYesDiabetesYesNoDiarrheaNoNoTumorNoNoLab findingsComplicationsPT, s (10-16)13.515.4ARDSNoNoD-dimer, mg/L (0-0.5)0.580.16ShockNoNoAlbumin, g/L (40-55)33.142.3Acute cardiac injureNoNoALT, U/L (9-50)11877Acute liver injureYesYesAST, U/L (15-40)3636Acute kidney injureNoNoLDH, U/L (120-250)33066.1Electrolyte disorderYesYes[^2]

Clinical characteristics of IgG4-RD patients infected with COVID-19 {#sec0008}
-------------------------------------------------------------------

The clinical manifestations of the primary disease and disease condition on the last on-site visit of the two IgG4-RD patients infected with COVID-19 were as follows: Patient 1 is a fifty-eight years old male, diagnosed with IgG4-RD two years ago. The involved organs include gallbladder, biliary tract, kidney and ureter. The IgG4-RD RI score was 18 at the time of diagnosis. Patient 2 is a forty-five years old male, diagnosed with IgG4-RD one and a half years ago. The involved organs include sinuses, lacrimal, submandibular gland and retroperitoneal lymph nodes, with an IgG4-RD RI score of 15 at the first visit. On the last on-site visit, both patients showed a significant remission of symptoms, with the IgG4-RD RI scores dropped to 1 and 6, respectively. The levels of serum IgG4 and total IgE in patient 1 were still higher than the normal upper limit, but the percentages and absolute numbers of circulating T lymphocyte, B cell, and NK cell are within normal range in both patients ([Table 1](#tbl0001){ref-type="table"}). Up to now, patient 1 and patient 2 have completed 5 and 4 follow-up visits respectively. Compared with the first visit, their IgG4-RD RI score, serum IgG4 concentration, and the ratio of IgG4/IgG decreased dramatically, especially after the third visit ([Fig. 1](#fig0001){ref-type="fig"} ). Both patients have been taking 5mg prednisone daily for more than 6 months before the infection of COVID-19 ([Table 1](#tbl0001){ref-type="table"}).Fig. 1The clinical characteristic of IgG4-RD patients with COVID at each on site follow up. A. The serum concentration of IgG4, IgG4-RD RI and IgG4/IgG% of patient 1; B. The serum concentration of IgG4, IgG4-RD RI and IgG4/IgG of patient 2.Fig 1

Both patients have residential history of Wuhan, Hubei and a history of fever, dry cough, and fatigue before admission. Patient 1 presented as transient intermittent low-grade fever (Tmax 37.5℃) for 3 days, while patient 2 as fever(Tmax 38.5℃) for 5 days. Neither of them had running nose, diarrhea, myalgia or dyspnea. For laboratory inspection, the number and percentages of white blood cell (WBC) and lymphocytes of Patient 1 were in the normal range while they were slightly reduced in patient 2 ([Fig. 2](#fig0002){ref-type="fig"} ). Both patients had significant elevated C-reactive protein (CRP) and slightly elevated alanine aminotransferase (ALT), while their procalcitonin were normal. Besides, patient 1 showed a decreased serum albumin level and elevated levels of LDH. Imaging examination of Chest CT scan showed a mixed pattern of ground glass opacities and multiple patchy high density shadows in both lungs of these two patients ([Fig. 2](#fig0002){ref-type="fig"}). Their diagnosis of COVID-19 were soon confirmed by positive SARS-CoV RNA test. According to the Guidance for Corona Virus Disease 2019 (6th edition), both of the IgG4-RD patients were classified as having moderate type of COVID-19.Fig. 2Timeline of two IgG4-RD patients with COVID. A. Timeline of laboratory findings (including the number of white blood cells and lymphocytes, CRP, SARS-CoV-2 nucleic acid test) and chest CT imaging changes in IgG4-RD patient 1 with COVID; B. Timeline of laboratory findings (including the number of white blood cells and lymphocytes, CRP, SARS-CoV-2 nucleic acid test) and chest CT imaging changes in IgG4-RD patient 2 with COVID.Fig 2

During hospitalization, they were both treated with antivirus agent (oseltamivir 75mg bid po for patient 1; ganciclovir 0.5g qd ivdrip, oseltamivir 75mg bid po and recombinant human interferon a-2b 5 million U qd IM for patient 2), antibiotics (moxifloxacin 0.4g qd ivdrip), and Chinese medicinal formulae. Patient 1 was also given intravenous transfusion of albumin(10g/d for 4 days) and immunoglobulin (10g/d for 10 days). Their symptoms were gradually relieved within two weeks after treatment. The inflammation lesions in the lungs of patient 1 peaked at day 4 after admission and then gradually absorbed, while lung lesions in patient 2 continuously improved since admission ([Fig. 2](#fig0002){ref-type="fig"}). Patient 1 was discharged after 17 days of hospital stay after two consecutive negative results of SARS-CoV-2 nucleic acid test. Patient 2 had twice weak positive of SARS-CoV-2 nucleic acid intermittently after the symptoms disappeared, and was discharged after 36 days of hospital stay ([Fig. 2](#fig0002){ref-type="fig"}). Both patients were positive for SARS-CoV-2 nucleic acid antibodies IgG while negative for IgM one month later. Both patients continued at the stable dose of 5mg prednisone daily after discharge, and none of them had recurrent of IgG4-RD.

Discussion {#sec0009}
==========

To the best of our knowledge, our study is the first to report the susceptibility of COVID-19 in IgG4-RD patients, although a newly initial data from the COVID-19 Global Rheumatology Alliance provider registries analyzed 110 individuals with rheumatic disease who have been diagnosed with COVID-19 showed that patients with rheumatoid arthritis(RA), psoriatic arthritis(PsA) and systemic lupus erythematosus(SLE) were the main infected population, while 17 of 110 cases were listed as having other rheumatic disease [@bib0015]. We followed up 91 IgG4-RD patients in Hubei province, the epicenter of COVID-19 outbreak in China, and found two case of IgG4-RD patients had infected with COVID-19. Consistent with the reports, most of IgG4-RD patients were middle-aged to elderly men \[[@bib0007], [@bib0016]\]. In addition, the majority of the patients in our study had at least one chronic medical condition, such as hypertension and diabetes. The available data at present suggested that advanced age, male sex and chronic comorbidities are risk factors of mortality in patients with SARS-Cov-2 infection [@bib0017], [@bib0018], [@bib0019]. Therefore, theoretically IgG4-RD patients have a high risk of progressing to severe/critical COVID-19 once infected and thus need to be identified and properly treated as early as possible.

Our study is also the first to describe the clinical characteristics of COVID-19 in IgG4-RD patients. The symptoms such as fever and cough and radiologic features were similar to other COVID-19 patients. However, the decline in white blood cells and lymphocytes in IgG4-RD patients may not be as typical and significant as other COVID-19 patients. The disease activity of IgG4-RD may also affect the recovery process of COVID-19. On the last on-site visit, patient 1 had a much lower IgG4-RD RI score than patient 2. Although patient 2 was younger, it took a longer time for him to recover from COVID-19. It is worth noting that neither of them developed primary disease relapse nor progressed to severe or critical condition of COVID-19 under the condition of continuous oral low-dose of glucocorticoids. This may be in part due to their prompt hospitalization, and it might also indicate that long-term oral low-dose of glucocorticoid may not be the risk factor for accelerating disease progression of COVID-19.

The use of glucocorticoids remains controversial in patients infected with COVID-19. There are many studies supporting the use of corticosteroids in patients with coronavirus infection \[[@bib0003], [@bib0020], [@bib0021]\]. However, high-dose corticosteroids may be associated with increased risks of secondary infections, long-term complications, and prolonged virus shedding in COVID-19 patients [@bib0022]. In fact, it has been reported that the duration of viral RNA clearance as detected in oropharyngeal swabs and fecal samples was longer in glucocorticoid treatment group than that in non-glucocorticoid treatment group [@bib0023]. In our study, patient 2 took a long time for SARS-Cov-2 nucleic acid to turn negative, which may implicated that the viral load in such patients may need to be monitored for a longer time after discharge. Besides, the clearance of viral RNA in patients\' stools may take a longer time compared to that in oropharyngeal swabs [@bib0023], it is better to test the viral RNA in stools or in combination with oropharyngeal swabs.

In summary, we describe the infection status and clinical characteristics of COVID-19 among IgG4-RD patients under the pandemic situation in this study. IgG4-RD patients may belong to the susceptible population of COVID-19 infection, and thus need more careful personal protection. Early identification and properly treatment are very important to prevent IgG4-RD patients with COVID-19 from progression to severe condition. As COVID-19 has become a global health threat, our study could help rheumatologists to better manage IgG4-RD patients under the pandemic situation.
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